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(54) PERMANENT MAGNET TYPE ROTARY ACTUATOR 

(5 7) Abstract 

PROBLEM TO BE SOLVED: To prevent generation of inversion 
torque, and attain operation as far as an aimed position and 
maintaining it, by making the thickness of magnetic pole boundary 
part of a permanent magnet less than or equal to a specific ratio of 
the magnetic pole central part. 

SOLUTION: A stator 1 1 consists of a stator core 12 forming 
salient-poles 12a, 12a, and a stator coil 13 wound around the stator 
core 1 2. A permanent magnet 1 6 consists of a unit magnet 1 6a 
constituting an N pole and a unit magnet 1 6b constituting an S pole. 
Each of the unit magnets 1 6a, 1 6b constitutes, as a whole, a semi- 
circular arc plane, but the thickness of both end portions as the 
magnetic pole boundary parts is different from the thickness of the 
central part The thickness of magnetic pole boundary part of the 
permanent magnet 1 6 is made less than or equal to 90 percent of 
the thickness of the magnetic pole central part. Thereby the 
magnetomotive force distritution of the permanent magnet 1 6 is 
made approximate to a sinusoidal wave, and generation of inversion 
torque at the time of no current flowing is excluded, so that the 
rotor 1 4 can be surely rotated and moved as far as an aimed 
position. 
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[Embodiments of the Invention] 

The invention is described below while referring to Fig. 1 to Fig. 7 
showing a first embodiment applied in an actuator for passage changeover 
valve. A stator 11 is composed of a stator core 12 forming salient poles 
12a, 12a, and a stator coil 13 wound thereon. On the outer peripheral side 
of the stator 11, a rotor 14 is rotatably disposed, and it is composed of a 
yoke 15 made of circular steel plate, and a permanent magnet 16 having 
two magnetic poles made of sintered ferrite mounted thereon. The 
permanent magnet 16 consists of a unit magnet 16a composing the N pole, 
and a unit magnet 16b composing the S pole, and the unit magnets 16a, 16b 
are semicircular plates on the whole, but the thickness of both end portions 
in the magnetic pole boundary area is different from the thickness of the 
central area. 
[0008] 

That is, as shown in Fig. 3, stator core facing side 16p and opposite 
side 16q of the unit magnets 16a, 16b are composed of arc surface of 
different radii, and their central positions P, Q are different. Thickness B 
of both end portions in the magnetic pole boundary area is set at 0.75 times 
of thickness A of the central area. The central position Q coincides with 
the center of rotation of the rotor 14. As far as the facing side 16p and 

m 

opposite side 16q are different in central position, an arbitrary thickness 

ratio may be obtained if the radius is the same. 

[0009] 

Arc-like grooves 17, 17 are formed in the yoke 15 of the rotor 14 in 



an angle range of 90 degrees, and stator mounting columns 18, 18 serving 
also as stoppers are inserted in the grooves 17, 17, and hence the movable 
angle range of the rotor 14 is defined at 90 degrees. 
[0010] 

In this kind of actuator, the rotor 14 is held at the origin of rotation 
angle of 0 degree in the power cut-off state as shown in Fig. 1, and when 
power is supplied, it rotates in the direction of arrow 0, and moves to the 
target position of rotation angle of 90 degrees as shown in Fig. 4, and when 
the direction of current is changed, it returns to the origin as shown in Fig. 
1. The target position is set at a position away from a point of 
360/number of poles (2 in this case) degrees, that is, 180 degrees. 
[0011] 

Fig. 5 and Fig. 6 show results of experiment and investigation 
conducted by the applicant. Fig. 5 shows a magnetomotive force 
distribution of permanent magnet, in which characteristic curve H shows 
the ratio B/A of thickness A of central area and thickness B of both end 
portions is 0.9, and characteristic curve J shows the thickness ratio B/A is 
1.0. In the case of characteristic curve J, the electromotive force 
distribution is nearly rectangular, and it is nearly sinusoidal in the case of 
characteristic curve H. 
[0012] 

Fig. 6 shows generation of torque when power is not supplied. 
Characteristic curve HI shows the thickness ratio B/A is 0.9, characteristic 
curve H2 shows the thickness ratio B/A is 0.8, and characteristic curve Jl 
shows the thickness ratio B/A is 1.0. Generally, when power is not 
supplied, the torque shows a waveform of superposed double higher 



harmonics as the magnetomotive force distribution of permanent magnet is 
closer to rectangular profile. In the case of characteristic curve Jl, since 
the magnetomotive force distribution of permanent magnet 8 is closer to 
rectangular profile, inverting torque portion Tn (shaded area in Fig. 6) exits 
in the rotation angle range of 0 degree to 90 degrees. By contrast, as clear 
from characteristic curve HI, when the thickness ratio B/A of thickness A 
of central area and thickness B of both end portions is smaller (thickness of 
end portions is smaller), such inverting torque portion Tn does not exist, 
and at this time the limit of thickness ratio B/A is 0.9, and if exceeding this 
limit, inverting torque portion Tn is left over. As clear from comparison 
between characteristic curves HI and H2, as the thickness A of both end 
portions becomes smaller, the power-off torque changes closer to a 
sinusoidal wave steeply crossing with 0 level. 
[0013] 

Fig. 7 shows generation of inverting torque. At the thickness ratio 
B/A of 0.9 or less, inverting torque is not generated. However, if the 
thickness ratio B/A is too small, other characteristics may be adversely 
influenced, and it is preferred to determine the lower limit of thickness ratio 
properly as required. 
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